Introduction
1,3-Dihydro-2 H-benzimidazole-2-thione (named earlier: 2-mercaptobenzimidazole) (la ) and 2(3H)-benzothiazolethione (nam ed earlier: 2 -mercaptobenzothiazole ( lb ) , the latter m arketed under the names M BT, Captax, Derm acid, Mertax, and Thiotax, have both found broad applications as rubber vul canization accelerators, antioxidants, corrosion in hibitors, and heat stabilizers. Additionally, l a is biologically active [3] , especially as a herbicide [3b] ; lb has further applications as a fungicide, a bacteri cide, a desinfectant, and a wood preservative [4] .
Crank and Mursyidi have reported in 1982 [5] that U V irradiation of "2-mercaptobenzimidazole" (la ) in the presence of air (oxygen) leads to benzimidazole-2(3H )-one (2a), cyanoguanidine (4), sulfur, and hydrogen sulfide (cf. Scheme 1) . This result is explained by assuming that 4 originates by the oxida tive dim erization of the intermediary thiourea. Pärkänyi and A bdelham id, however, found in 1985 [6 ] that UV irradiation of an air saturated ethanolic solution of l a led to the formation of benz imidazole sulfate (8a) as a sole reaction product. Irradiation in acetonitrile gave 8a and traces of bis-(2-benzimidazolyl)-disulfone (6a). M oreover, UV irradiation of "2-m ercaptobenzothiazole" (lb ) in ethanol, methanol or acetonitrile resulted in the isolation of the benzothiazole analogs 6b and 8b. Carrying out the UV irradiation of lb in benzene produced bis-(2-benzothiazolyl)-disulfide (5b), as well as 6b and 8b (cf. Scheme 2) .
It has been further claimed that the disulfides 5a, b and disulfones 6a, b are intermediates and must be precursors of the m ajor products 8a, b. Both oxygen and w ater have been found to be essen tial for completion of the photoreactions.
These contradictory results [5, 6 ] which have at tracted our interest and the fact that recently we have
♦ s ♦ h2s n n h 2 3 U become involved in the photochemistry of benzimidazoles with various 2-substituents [7, 8 ] , prom pts us to communicate our observations on the photolysis of l a , b and 2 -chlorobenzothiazole (1 2 ). 
Results and Discussions
We have likewise irradiated an 1% acetonitrile, ethanol, or benzene solution of l a with a Hg-high pressure lamp in a Pyrex reactor (A > 313 nm) while oxygen (or normal air) was steadily circulated into the mixture with a moderate rate, the reaction course being monitored by TLC. A fter ca. 100 h irradiation time, the photolysate was carefully chrom atographed over silica gel to give products 2a, 5a, 11a, and ele mental sulfur. The identities of the products were confirmed by comparison with authentic specimens (c/. Scheme 3 and Experim ental).
In a considerably extended irradiation experiment (up to 350 h), we noted an appreciable increase in the yields of 2a and 11a, while the ratio of formation of thiole l a vs. disulfide 5a remained constant. C ar rying out the photolysis of la in the presence of a sensitizer (methylene blue) does not cause any qual itative changes in the product composition or yield.
Photolysis of 2(3H)-benzothiazolethione (lb ) in acetonitrile, ethanol or benzene (best results in acetonitrile) for 1 2 0 h, gave a pattern of products similar to that obtained from the ;r-isoelectronic la . The products, in the order eluted from the chrom atography column are: benzothiazole ( lib ) (5.6% ), elemental sulfur (9.7% ), 2(3H)-benzothiazolethione (lb ) (2 0 .8 % ), bis-(2 -benzothiazolyl)-disulfide (5b) (32% ), and 2(3H)-benzothiazolone
Scheme 3.
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(2b) (20.5% ). Again, all products were unambigu ously established by comparisons with authentic sam ples.
A mechanism that accounts for the form ation of the obtained photoproducts derived from the photo lysis of the title compounds la , b is presented in Scheme 3. Thus, upon UV irradiation, l a , b cleave at the sulfur-hydrogen bond. Subsequent recombination of the thiyl radicals form ed leads to the disulfides 5a, b [9, 10] , which also have been proposed and identified as interm ediates in the previous work [6 ] , Upon UV irradiation of the disulfides 5 a, b, besides the retro-S-S-cleavage into 2 thiyl radicals 9a, b [9, 10] , another homolysis can be discussed leading to Although the effect of an added sensitizer seems to be negligible, due to the rapid form ation of disulfides 5 a, b which might act as quenchers for singlet oxy gen [1 2 ], a direct transform ation l a , b -» 2a, b with residual traces of singlet oxygen cannot be excluded, since there are many C = S -* C = 0 exchange reac tions reported for thiones after treatm ent with singlet oxygen [13] .
These results allow interesting conclusions to be drawn. Thus, considering the earlier report [5] , we have been able to isolate products 2 a, b, 11a, b, and elemental sulfur, however, in our experim ents, the formation of cyanoguanidine (4) turned out to be irreproducible. As a consequence we assume a dif ferent reaction course leading primarily to 5 a, b. R e garding the recent work cited [6 ] we can now confirm that upon photolysis of la , b the disulfides 5a, b are in fact interm ediates as well as main photoproducts but, on the other hand, we were unable to obtain the sulfones 6a, b or the hydrosulfates 8a, b [6 ] .
As stated in the earlier communication [6 ] , the sulfates are considered the main products besides the disulfones 6a, b. This seems in our opinion and on the basis of our experimental results unlikely for the following reasons:
(a) the known unstability of the hygroscopic benz imidazole sulfate (8a) [14] as well as the facile de composition of the benzothiazole sulfate (8b) [15] in the presence of w ater, and the reported rem ark [6 ] that the presence of water in the solution is essential for completion of the reaction are, from our view point, contradictory; (b) the structure and data attributed to the ben zothiazole sulfate (8b) are based upon an elemental formula C7H 5 N S I T S O 4 [6 ] , however, the correct elemental composition has been stated in 1936 to be C7H 5 NS • H 2 S 0 4 • H 2Q [15] , since it has been reported that attem pts to dehydrate this hydrate led to its de composition [15] ; (c) the disulfones (6a, b) have been reported to be extremely insoluble [6 ] ; upon careful work-up of our reaction mixtures, we were unable to detect any sig nificant amounts of these compounds.
The close inter-relationship in the behaviour of 2(3H)-benzothiazolethione (la ) and 1,3-dihydro-2 H-benzimidazole-2 -thione (lb ) upon UV irradia tion induced us also to investigate the photolysis of 2 -chlorobenzothiazole (12), to determ ine if 12 be haves in a fashion similar to the previously [5] re ported 2-chlorobenzimidazole. Thus, the photolysis of an 1 % air-saturated (or oxygen circulated) acetonitrile solution of 12 resulted in the disappear ance of 12 (TLC) after ca. 50 h. The photolysate was separated on silica gel, and 2(3H)-benzothiazolone (2b) (16.8%) and the symmetric dimer 2 ,2 '-dibenzothiazole (13) (37.5% ) were obtained as the photo products (cf. Scheme 4).
The photoreaction proceeds, however, very slug gishly in air saturated ethanol, whereby only 2b (33.6%) and benzothiazole ( l i b ) (11%) were iso lated after 120 h irradiation time. The identities of hv EtOH 2b and 13 [16] were established by comparison of m.p. and spectral data with those of authentic sam ples (cf. Experim ental).
With regard to the photodissociation step and the form ation of the 2 -oxo derivative (2 b), this photolysis mechanism parallels the reaction course of 2-chlorobenzimidazole [5] . However, 2,2'-dibenzothiazole (13) is generated in a different m anner, by simple recom bination of two benzothiazolyl radicals. The formation of 2,2'-dibenzim idazole has not yet been observed. 13 has been obtained by Grellmann and T auer [16] by photodehydrodim erization of benzothiazole in air saturated acetonitrile. Similar results have been obtained, when l a was irradiated in the presence of singlet oxygen (the solu tion contained 30 mg of methylene blue, and oxygen was steadily circulated into the solution with m oder ate rate). When the photoreaction of l a was carried out in acetonitrile, similar to the procedure described above but for a longer reaction time (ca. 350 h), it resulted in the isolation of sulfur (55 mg, 20.8% ). l a (322 mg, 12.8%), 5a (602 mg. 24 .2% ), 11a (72 mg, 7.4% ), and 2a (245 mg, 22%). [23] , and then (2.5 g, 7.5 mmol) UV ir radiated in acetonitrile or ethanol in a m anner simi lar to the photolysis of l a , for 120 h. The photolysate was worked up in the usual way and gave a pattern of products exactly matching the compounds isolated in the photolysis of l b with the following yields:
Benzothiazole 12b: 69 mg (6 .8 % ); elemental sul fur: 34 mg (14.2% ); 2(3H )-benzothiazolethione (lb ): 367 mg (29.2% ); bis-(2-benzothiazolyl)-disulfide (5b): 425 mg (17.0% ); 2(3H )-benzothiazolone (2b): 341 mg (30.0% ).
(e) UV irradiation of 2-chlorobenzothiazole (12): 2-Chlorobenzothiazole (12) (2.5 g, 15 mmol) in acetonitrile (250 ml) was irradiated using the same procedure as described in (a). The reaction course was monitored by TLC, which indicated the disap pearance of 12 after ca. 50 h. The photolysate was worked up in the form entioned way and the chromatography was carried out with toluene with increasing amounts of ethyl acetate.
Fraction (5:5) Photolysis of 12 (2.5 g, 15 mmol) in ethanol (250 ml) for 120 h, was carried out as described above; only benzothiazole ( l i b ) (218 mg, 1 1 .0 %) and 2(3H )-benzothiazolone (2b) (748 mg, 33.6% ) were isolated. This work was supported by the Fonds der Chemischen Industrie, the ASRT Cairo, and the Bayer AG. -W. M. A. thanks the Heinrich-HertzStiftung for granting a research fellowship.
